Different features of the jet production in pp collisions at √ s = 7 TeV have been measured by the ATLAS experiment. Among them are: the dijet double-differential cross sections, upper limit of the scale for contact interaction, the flavor dijet decomposition for different light-, c-, and b-jet combinations, double-differential inclusive jet cross sections, and b-jet and light-jet shapes measured using top-quark pair events. In all cases, good agreement with the SM QCD expectations was found. The dijet analysis provided a lower limit for the compositeness scale of about 7 TeV.
Introduction
Measurements of jet production in proton-proton (pp) collisions at the LHC [1] test the predictions of Quantum Chromodynamics (QCD) at the largest energies explored so far in collider experiments. Under QCD, jets are the result of fragmentation of partons produced in a scattering process. In high-energy particle collisions, there are two main phases: perturbative phase where partons with high-transverse momenta (p T ) are produced in a hard-scattering process, and non-perturbative phase with partons converting into hadrons. All these aspects of high energy collisions are probed in the jet physics. Study of flavour of jets, especially those originating from charm (c) and bottom (b) quarks, is important as the heavy flavour jets are expected to be described well by perturbative QCD (pQCD) calculations. This work deals with studies of jet processes in pp collisions at √ s = 7 TeV collected by the ATLAS experiment [2] .
Event and jet selection and reconstruction
In analyses discussed here, different selection procedures were used. Typically, a set of single-jet triggers with different thresholds was used to collect data and only events with at least one primary vertex were taken. Primary vertex with the highest p 2 T of associated tracks was selected as the hard-scattering vertex. Jets were reconstructed by the anti-k t algorithm and clustered using two different values of jet radius parameter R: 0.4 and 0.6. The measured jet distributions were corrected for all experimental effects and were defined at the particle-level final state. Here, particle level refers to stable particles (a lifetime longer than 10 ps, including muons and neutrinos) -for details, see Ref. [3] . The measured unfolded cross sections are compared to next-to-leading-order (NLO) QCD predictions which are corrected for non-perturbative effects in fragmentation process and in underlying event, and for NLO electroweak effects.
Results
The following jet physics topics measured by the ATLAS experiment are presented here: the dijet cross sections, limits on contact interaction, dijet flavour decomposition, inclusive jet cross section, three-jet production and jet shapes in tt events. All the mentioned topics were studied in pp collisions at the centre-of-mass energy √ s = 7 TeV. Dijet production. ATLAS measured the double-differential dijet cross sections as functions of the dijet mass and half the rapidity separation of the two highest-p T jets, y = 0.5|y 1 − y 2 | [4] . The leading (subleading) jet is required to have p T > 100 GeV (p T > 50 GeV). The measurement is made in six ranges of y < 3.0, in equal steps of 0.5. The measured cross sections are defined at the particle-level final state. The analysis was performed using data collected at √ s = 7 TeV corresponding to an integrated luminosity of 4.5 fb −1 . Figure 1 shows dijet double-differential cross sections for jets with radius parameter R = 0.4 as a function of dijet mass in different ranges of y . The data are compared with the NLO QCD predictions of NLOJET++ [5] using the CT10 PDF set which are corrected for non-perturbative and electroweak effects. As it follows from Fig. 1 , the data are in a very good agreement with the predictions. Detailed quantitative comparisons between the measured cross sections and theoretical predictions have been carried out in Ref. [4] . Good agreement was observed when using the CT10, NNPDF2.1, and MSTW 2008 PDF (parton distribution functions) sets 1 for the theoretical predictions with values of the jet radius parameter R = 0.4 and R = 0.6. Disagreement was observed in some ranges of dijet mass and y when using the HERAPDF1.5 PDF set, for both values of the jet radius parameter, and for the NLOJET++ predictions using the ABM11 PDF set, indicating sensitivity of the measurements to the choice of PDF set.
[TeV] Using measured cross sections, the CLs technique [6] has been employed to explore possible deviations in dijet production due to contributions of the beyond SM physics. An exclusion limit for a model of contact interactions was found, computed using full NLO QCD. An exclusion of compositeness scales Λ < 6.9-7.7 TeV has been obtained, depending on the PDF set used for the calculation.
Dijet flavour decomposition. In the study described in Ref. [7] , ATLAS performed a measurement of the flavour composition of dijet events. Fractions of six dijet flavour states were extracted: BB, CC, UU, BU, CU, BC, where U stands for light, C for charm and B for bottom jet. The analysis was performed using the data set of an integrated luminosity of 39 nb −1 . Selected events are required to have at least one reconstructed primary vertex candidate. Jets are reconstructed using the anti-k t algorithm with a jet radius parameter R = 0.4 and only jets with a transverse momentum of p T > 30 GeV and a rapidity of |y| < 2.1 are considered. The two jets with highest p T are required to have an angular separation in azimuth of ∆ϕ > 2.1 rad (a back-to-back topology). To distinguish jet flavour, two kinematic variables were chosen
where m vert is the invariant mass of the particles associated with the vertex, Fig. 2 , it follows that except for the BU case, all data fractions are in agreement with the predictions of the LO and NLO generators.
[GeV] Inclusive jet cross sections at 7 TeV. Measurement of differential inclusive jet cross sections, in addition to the test of validity of pQCD, enables to probe the proton PDFs. ATLAS measured these differential cross sections at √ s = 7 TeV using a data set corresponding to an integrated luminosity of 4.5 fb −1 . The double-differential cross sections were measured as a function of the jet transverse momentum in six jet rapidity bins, and unfolded to the particle level. These cross sections are compared with NLO QCD calculations for different PDF sets corrected for non-perturbative and electroweak effects (see Ref. [11] ) and with MC simulations using NLO matrix elements interfaced to parton showering. Ratios of the NLO pQCD predictions to the measured cross sections were found for the predictions using the NLO PDF sets CT10, MSTW 2008, NNPDF 2.1, HERAPDF1.5, and ABM 11. As an example, a comparison of the ratios for the predictions using the NLO PDF sets CT10, MSTW 2008, and NNPDF 2.1 is presented in Fig. 3 . The predictions are generally consistent with the measured cross sections for jets with both radius parameter values, though the level of consistency varies among the predictions with the different PDF sets -for details, see Ref. [11] . Fig. 3 . Ratio of NLO pQCD predictions to the measured double-differential inclusive jet cross section, shown as a function of the jet p T in bins of the jet rapidity, for anti-k t jets with R = 0.4. The predictions are calculated using NLOJET++ with different NLO PDF sets, namely CT10, MSTW2008 and NNPDF 2.1 (from [11] ).
Three-jet production cross sections. A motivation for the three-jet cross section measurement is to study higher order effects in jet production. ATLAS performed measurements of double-differential three-jet production cross sections presented as a function of the three-jet invariant mass (m jjj ) and the sum of absolute rapidity separation between the three leading jets (|Y | = |y 1 −y 2 |+|y 2 −y 3 |+|y 1 −y 3 |) [12] . The measured cross sections were corrected for experimental effects and reported at the particle level. Data are selected by a jet-trigger system which is fully efficient in events with a leading jet passing the three-jet analysis requirements. Events containing at least three jets within the rapidity range |y| < 3.0 with p T > 50 GeV were selected. The leading, subleading and sub-subleading jets are required to have p T > 150 GeV, p T > 100 GeV, and p T > 50 GeV, respectively. The measured double-differential three-jet cross sections were compared to the NLO QCD calculations using NLOJET++ with the CT 10 PDF set corrected for non-perturbative effects. Good agreement between the data and the theoretical predictions was found. As an example, in Fig. 4 (left) , ratios of the theoretical predictions calculated with various PDF sets to the measured cross sections for the R = 0.4 jets are presented.
Jet shapes in tt events. Hadronic jets are theoretically interpreted to arise from partons -quarks (q) and gluons (g) produced in deep inelastic interactions. The internal structure of a jet is expected to depend primarily on the type of parton it originated from. ATLAS measured the differential and integral jet shapes in top-quark pair events using 1.8 fb −1 at √ s = 7 TeV [13] . The differential jet shape ρ(r) in an annulus of inner radius r − ∆r/2 and outer radius r + ∆r/2 from the axis of a given jet is defined as
where ∆r = 0.04 is the annulus width, r is the distance to jet axis in the η-φ plane, and p T (r 1 , r 2 ) is the scalar sum of the p T of the jet constituents with radii between r 1 and r 2 . The integrated jet shape in a cone of radius r ≤ R around the jet axis is defined as the cumulative distribution for ρ(r).
In Fig. 4 (right) , as an example, the distributions for the average values of the differential jet shapes are shown for p T bin of 30-40 GeV, along with a comparison with the NLO expectations from the simulated samples. As can be seen from Fig. 4 (right) , there is a clear difference between light-and b-jet differential shapes. The observed jet shapes are in good agreement with the theoretical expectations from MC@NLO [14] and POWHEG+PYTHIA.
Summary
Jet physics provides us with powerful means for testing of QCD. The ATLAS experiment has measured many features of the jet physics in pp collisions. Some of the measurements performed at √ s = 7 TeV are reported here. Among them, there are the dijet differential cross sections -using the dijet events, the scale of contact interaction was excluded below 7 TeV. Flavour dijet decomposition for different light-, c-, and b-jet combinations were measured. The differential inclusive jet cross section measurement as a function of jet p T and rapidity was performed. Using tt events, the b-jet and light-jet shapes were measured as a function of the distance to the jet axis and jet p T . In all the listed cases, good agreement with the SM QCD expectations has been found.
